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SYNOPSIS 


One of the various possible variants of ‘Direct Strip 
Process' consists of compacting a block from a mixture of 
iron oxide superconcentrate pa/der and a binder. The ‘green’ 
superconcentrate block is simultaneously reduced and sintered 
at an elevated temperatures using a solid reductant such as 
coal or charcoal. The resulting sponge iron block is subsequen- 
tly hot rolled to form a fully densified stripy which is then 
cold rolled and annealed to produce the finished strip. 

The present study deals with finding out the suitability 
of sax-7 dust charcoal as a reductant for the block variant of 
direct strip process. Simultaneous carburization X7hich may 
occur during reduction of superconcentrate blocJc in the packed 
bed of sax7 dust charcoal/ and decar burizQtion xjhich may occur 
during preheating cE the reduced block 2 n hydrogen atmosphere 
prior to hot rolling/ has also been studied. Finally/ the 
amount of cold rolling has been optimized to obtain the best 
mechanical properties of the cold rolled and annealed finished 
strip. 

It has been found that saw dust charcoal is suitable to 
be used as a, reductant for the ‘block variant' of direct strip 
process. It has also been found that the simultaneous carbur- 
ization does take place during reduction of the blocks the carbon 
content of the reduced block increases with the reduction time 
and it varies from corner to the cenbre of the block, Ho-T'ever, 
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flecarburizriti on ta^rc, plica durjng prcl'c- ^trn j in hy Irogen 
>_tnosph''rc pr:ior tc liot rolling^ me) ccroon contci t is re'luced 
to a Vve-ry lovT level in nhe fioc lol Ion stxipo. The beet mechan- 
3crl properties hive teen found fer the finished c iM rolled 
and annealed direct ctripc which >iave teen Qiven 50-6C11 
radnction in ehicloiess during cold rolling. 
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CHAPTEP 1 

inT POpiTCTIOIi 

A large fi' let ion of total " P-l oduct - ii P' i3 roller> 
in the form of strips / for r’ost common metals. In case of 
steel/ the flat steel products coneri]:iut.^ around 2 0/ of tiie 
total production/ on a rforld wide scale and ti is p>^rcentage 
is rising. Host thin strips ( tnic cness 0,25 toO.l lan; are 
produced from large size ingots of tluckness /^3Ci0 mn , Thus 
thi amount of deformation required to produce the finished 
strip is enormous. It Crauses a ni^jor increase m capital 
equipment and operating costs/ and the yieUd of finished 
metal strips or sheets is la^/ of the order of for stsol. 

Because of eKtensive hot and cold rolling/ the enarQ/ require- 
ments are also high. 

The above drawbacks esn be minimised by starting with a 
thinner slab. In continuous casting, chc thickness oC the 
continuous co.st slab, v.hich is the starting ma terial for the 
production of thin strips, ic 100 — 150 mm for steel. Ihis 
reduces the hot rolling to a considerable e> tent, aJ though, 
t-hc continuous casting has several advantage-, over static 
casting, it's introrjiction docs not radically change the 
situation for steel. The thickness of tnc continuous cast 
slab can not yet be further reduced because of the engineering 
problems associated v;ith it, although efforts are being made 
world'wide to cast thin strip continuous 'y which can bo hot 
and cold rolled to produce tbe finished strip. 
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Further, trie c'' intentional methorl nf steel strip 

production, to be econoriically vTi.f"le, requres Icrge picnt 

size, the copacity being not less bhan 1-3 riilln cii tomes 

per annum, depending on the location. Ta-=- larg. UiO arf> 

caP-j-tal intensive and have a long gestation perioj. Ihr 

experience of rnini~miil& m U.S.A. sne rj th-t ib is nuch more 

economica'J t:o run srnaJJei plants at high utilization f-'ctir 

1 

bhan larger plants at a loocr utilizab^ >n f lotor. 

From the foregoing cliecussion, it is clu'r cb ^t t^''e 
conventional thin steal strip maaiuf acuun jj inLlustrv is lughly 
capital inbonsivc and dacre is much room £^i tno developni' nt 
of the alternative routes of tnin strip making foum an cconOi- 
mically viable small or mediua s^ze plsr>b roquiPinc, lo\ capital 
j nvestment- 


] ,1 POT^rder liotallurg^^^ iE * 

Thin strap laaXing rouboc based on pov/der nr ballargy are 
most important amonerst bhe albcrnative routes levelopod to date 
Tho economica31y viable minimum planb capucib^ lor mabang steel 
strip by powder metallurgy roubo is 50,000 t to 100 , 000 bans 
Per year. The capital cost of P/Ii plant is approxiiuabel 30.' 
less than the conventional plants.^ The pruduct yxe ror 
the p/m plant is about 90% * The reduction to prciic^, tho 
finaJ finished strip is of the order of 5 1 . The -norgy 

requirements for the production of the steel strip by the 
P/M route IS 27 GJ^/ t to 33 GJ^/ t of the finished str-P 
as against 3 4.6 GJ^/ t for the conventnonal ronte“. 
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The startanr; inci-cerial for nekiny 3t;ecl strip by P/M 
route 3 3 iron/stet-l pOT/rier. This parPar is conpectecl into 
a ' gropn" strip x^hica is s m£ch''riic= lly i iicLeJ rcral powder 
formed into a strip \jhich is rel"'tively poroas and brittle. 

Tnis can be dons by the nrthod nf n. 1 1 Gorio..cticn of the loose 
Dovrclcr or by first making a co'^-'ere.nt and flexible strip from 
a slur3ry made from poi/der T snitaole nnder and then roll 
compacting it. The green strip thus obtained is tl''r cinccrcd 
at a sufficiently high temperature ( around 11 00 C to 1150 C 
for iron/steel) and hot rolled in a single pass to produce 
fully dense strip^ Which is subsequently cold rolled =nu anne- 
aled to make finished Strip.* ^Irernativcly , the srntered strip 
may be dencified by repeated cold rolling and annealing cycle 
to make fully dense fimshed stru, 

1 • 2 in tegrated Po i/cler Technology h uib -s for taking Thin 

Steel Strips 

The P/M route, as outline 1 above , li' ev^r , suffers from 
aconomic constrarnts, as it j resent th<- cost cf iron/stoel 
po\' 7 der IS more than th--^ cost of steel ^It’. 1-^ is partly due 

to la^; demand for ircu/stoel po'vder at prcsc''''!. ft „& therefore 
necessary to integrate th3 s seui-.rate ^tep cf pn,/rer procloction 
into the process of strip making itself to make its prod iGt3 in 
economically viable. It will also reduce cdie nuribar of unit 
operations and will make the process economically more attra- 
ctive by Iwering the capital equipment and operating costs. 
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■\ couiile of otich methods have been levcloi ^ 11(3 one such 

method " Direct scrip Process'. 

Direct strip Process consisrs of rr i r a hornugenous 
and free-f Iowa rg slurry from iron or'de su oerconcentrate po /der 
( iron oxide 99’' ) a "»d a water soluble Dini''pr . 'D e slurry 
1 '=’ cast into a strip form and dried, 3 r''''se'iaeni,ly it as ro3 1 
coinpacred to increase its strength. The roll cor'pactcd super- 
concentrate " green' strip - then simultaner isly rclucc^ 
and sintered at a high temperature to form s spoiije ir^i uciv 
which IS subsequently hot rolled to produce fuJly ucnsc strip. 
It IS pickled/ cold rolled and annealed to produce tiie final 
finished strip. It is apparciit tl'>at the eLovo rouse- does not 
involve the production of iron/steel oc lei at any a ntermodiate 
stagO/ and yot operates on the basic priacipl-s as tnat of 
the traditaonal P/h route described earl_cr. 'Tlie starting 
material in this proces a is iron mrc sjrcrconcantratc ariu 

the c ost of benefication to got the ore of such high purity 

IS not much /keeping iii viev^ the fact tliat no further ref aning 

IS needed at any intermediate stage, L.h. .B, of Sweden hris 

demonstrated rhat the cost of magnetite supercuncentrate is 

9 

not more than 50°' of crude ore price per unit of iron . The 
various unit steps of steel strip production from iron ore 
superconcentrate are also integrated in the sense uhat the 
various stages of the complete process follow one another 
immediately, and the product of one stage is not subjected 
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bo handling or removal stor-’ri before "rocoGding to the 
next. For these reasons/ such a route; bas been toi'med as 
integr-ted pcr„/er -cecnneloqy rouco, ine dirsct str p process 
2 s based on esaseoas redur'tjnts such as nurc or a mixture 
oil '-I 2 derived from tne ste'^m informing of naptha 

cuts, 

^ ^ LJ? o ute fo r M 1 ting Th _SJ^ 1 D^r cct l2_ h tom 

Iron O re supe rc o acen tr a be 

The direct strip |?rocess as outlined above does not 

permit the use of solid reductanto such as coal/ cnarcoal etc, 

-1 0 

One such variant of direct strip process n 13 been describei 
T;hich allavs the use of coal ^ xeductant. This rout& has 
been shown in Pig, 1,1, It consists of rrn: ing iron oro super- 
concentr jt^ po^^^der ( iron oxide “ ) with a wat'' r soluble 

binder such as ^caexa :^r:bica/ m -.uch a eropcrhior that each 
particle of pQ\jaer is lust coated wich the bin" r solution. 
This mixture is compactcl an a die to a bl^cb ^hape \/hich ^s 
subsequently reduced by coal surrounding the bloct Icept insido 
d muffle ot about llSO^C. The reduced sponge iron ' 3 cct Js 
then hot rolled to a fully densified stn o which is Curthor 
cold rolled and annealed to produce tne finished strip. 

The above mentioned route has been successfully stubicd 
1 0 

by Vethanayagam - Kngnetite superconcen tr a he povxlor (non 
oxide 99.5%) supplied from L.h. n. B. , Iv/eden uas used as 
the starting raw m-terial; 
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^caci^ Arabxca *'/as used is a binder ; : nd thrr e viritJcs 
o£ coal- wasned erd muddling grade coal, dt-vol" talized bra^m 
coal and conventional charcoal cere tried as reductant^, Tnere 
were, however, few problems encountered with these solid reduc- 
tants. Tde v^asned and middling grade coal v/hich cont^jned a 
large amount of volatile ma bteri creaued serious practical 
problems because of the sticking of thu entire con 1 ia.LSS to 
the inner wall of the metalljc tvbe. Hi_ncc lu w not co isi~ 
derad suitable for further investigation. conventional charc'^al 
and dovolatalized brown coal did not pose a av such pronleui nut 
another problem was encountered wbidi '^as lelatv.,- vOth thi 
size and shape of the coal pirticJes, Use or cc~'rsc size coal/ 
say, >10 mm, resulted in the reoridation of tie freshly reduced 
sponge iron l)lock during cooling ins:ide tne i-acuHncG, duo to 
passage of atmosphur J c air to the blocn t’srougn tarmeable coal 
bed. Use oC -6 ( 3,3 min ) nrsh size coal prevn itcd tiio passage 

of air through coal bed, but use of Cixie size of the.e types 
of reductants left behind i few KJinJeers cn die sorfacc of tlie 
block rind some times the coil particles were embed ed on thc 
sLirlace. These tClinkers or the erabeled coal particles could be 
removed from the surf.-ce but only t cost of addition of one 
extra unit step of machining of the surface Ojf the reduced 
sponge iron block. 

1 • 4 The PecfUirements for solid Rcductant 


TO be used as a reductan t for 


block' variant of direct 
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6 tri.p process, the coal/ciiarco'’ 1 phoulf -itisl/ che following 
reqiirements 

a) It shoulti have a good redaction behaviour, i.e.,it 

should not tike a very long time to fully reduce the 
iro 1 ore superconcencri te block to spenge iron. It means 
that “ 

(a) activity of carbon in coal particles should be 
high, and 

(b ) the 315*0 and sh?pe of the coal particles should 

be such that they make an incimatc contact with the 
surface of the block, 

(2) The coal mass should not stiCK ro the >7:ills of the 
furnacv or tnc surface of the block, 

( 3 ) The coal size should be fine enough not to cause the 
problem of reoxid"* -ion of che rriduced block during 
cooling inside tue furnance. 

(4) The shipe jnd surfiee properties of coal particles 
should be such that tn.-y do not dcteriordte the scrface 
of tlie block. 

(5) It should be cheap "’nd readily “vailcble. 

None of the reducuants, trued eailier, satisfy ell of 
the rbove teqiiirements togetbery so it romoins to find out a 
suitable solid reductant for the l^lock variant of direct strip 
process end present investigation makes an atx-cmpt in this 


encieavour . 
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The mechanical properties of the finished strip obtained 
11 

by direct strip process (referred to as ‘ direct strip hence 
onwards) were found to be comparable with those of low carbon 
steel strip. But the process of carburization of the sponge 
iron block is expected to take place during it‘s reduction in 
the packed bed of coal/charcoal/ in which it is kept at 115 0°c 
for 3 hours / and the reduced block is expected to contain a very 
high percentage of carbon, which is surprisingly not reflected 
in the mechanical properties of the resultant strip. Therefore, 
it was imperative to investigate whether the process of carbur- 
ization was really taking place during the reduction of the block, 
and if yes, then by what mechanism the carbon level could go down 
drastically rn the finished strip to give mechanical properties 
comparable is low carbon steel. Such a study was not made by 
Vethanayagam , and has been undertaken in the present investigation. 

Finally, the mechanical properties of the finished cold 

rolled strip/sheet depend on the amount of cold rolling deforma- 

11 

tion given prior to final annealing, Vethanayagam has found 
different mechanical properties of cold rolled and annealed direct 
strip for different amount of reduction in thickness of strip 
during cold rolling. But no attempt was made to optimize the 
percentage reduction of thickness of strip during cold rolling 
to obtain the best mechanical properties. The present investigation 
IS also concerned with the optimization of cold rolling deformation 


prior to final annealing 


Cf-'PTrR 2 
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cbj l CT of t hb y V - sT irpnOi' 

The airfe of cue present inve ^t] g' i- j-On ai a as f ellov; 

To study Tche suitabx] ity of saw dusx. caarcoal a 
redactant for irijgnetitr supercoucentr s.te conipacts. 

To study the cii^iultancous carbur LzatiOi'i which is 
occuring during the redaction of magnetite super- 
concentrate compacts in a packed bed of s'^w dust 
charcoal and the decarburiz .tion of the reduced 
compacts prior to hot rolling . 

TO produce fully dense hot rolled and cold rolled 
strip from the sponge iron blochs and to optimize 
tlio amount of cold rolling to obtain the best 
mechanical properties of tie finished stripso 
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Ci:L\PTER 3 

Ri^J iL.TLPI-' -Ii ^ irj E XPFPIl ' m. b PP 0CO31JR2S 

^ ^ M ateri ils 

3,1 1 Mai rnet-Ltc Supci'c one ca cx ato 

Ma^aente sui erenneentrate supplied, by L,F, of 

Se\;den used. Tl - chciPical conipcoition andslere analysis 

arc ^lia- n in Tiblc-s 3,1 ( a £ b ). For all tbe experimental 

purpoae powder of cize -300 rnecih rsed, 

3,1,2 dcacj g /^ rabica 

ncacia irabica was procured from tlie loca] market. 

The chemical compositaon of chis binier was nor available 
from the local supplier. The dens it/ of .-iCacia *rabica 
determined bv irchimedcs' principle v'asl,‘14 gm/cc and residue 
content of small grannules ^/as found to be 2,68 wt %f while 
residue content of big grannules v/cls found to be 1,33 wt %, 

3.1*3 Saw Dust Char cog] 

The saw dust charcoal was ootained by heating saw 
dust at 800*^0 in a muffle in the absence of air for 3-4 nours. 
Fumes in vorv large guantiLies were rele^'sed during this 
process. This coal was eauisi^ed and rice-gram snaped, 

3,1,4 Gases . 

JOT/R 3 Grade hydrogen and standard nitrogen supplied 
from cylinders were used. The composition of IOTjaR 3 Grade 
hydrogen gas is given in Table 3,2, 



21 


T/vDLE 3.1a CHEMICAL COMPOSITION CF MiGNETITE ^UP &RCOilCrEFTllATE 


Constituents 

i 

I Weight % 

re 

71.7 - 71.3 

++ 


Pe 

23.8 

P 

0.001 

vS 

0.003 

CaO 

0. 05-0. 07 

MgO 

0.15-0,20 


0,15-0, '70 

Si ©2 

O.OL - 0.1 0 

TABLE 3.1b SIF/F ANALYSIS 

OP H GNETITE SUI^EPCONr2ICT7.\TE 


Size 

“T 

t 

1 0/ 

1 ^ 

1 

-417 

100 

-208 ^'Um 

99.9 

-1 04 yam 

96.3 

- 62 yam 

85.3 
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Compns,it;3 df 3 GrT,rlG ^'y^■'rogo^ gas 


Coraponents 

ppm 

O2 

5 

H2O 

6 

Q 

0 

to 

1.0 

CO 

1.0 

Oxides of N 2 

1.0 


2.50 

Hy dr oc ar b on 

2.5 

Sulphur compounds 

0.1 


rest 
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2*2 SxperiiBen ta 1 P rop cdu re 

^ ^ ,".'J-"eparabio n of Gree n c ompa c b& 

nrst a bxndor solution \/as prepared. The amount 
of rater for preparing cnc solution vras calculated on the 
basis of the fact that the ore to ^ater ratio ^/as 20 oy 
weight ^ m X ^'1 ( of ttie oro) Dinder , i. e.^ Acacia 

Arabica was added to rhe calculated amount of rarer and the 
solution was heated at around So'^c Cor f_fteen minutes to 
get tne complete dissolution. 

The biraer solution was added to the already weighed 
amount of supcrconcantrate iron ore penrder in a baaher and 

it i/as thoroughly mixed with the help of moror drivan stirrer. 
Immediately after nixing, the poivder was compacted in a 
rectcngular die by applying i pressure of 45 Mll/n into the 
blocks of bise 71 mm x 48 mm x 6 mm laving a density of 
65% of the theoratiCral density and having a suffici-^nt 
strength for furbh.r handling of tie block. These blocks 

O X T- 

were dried ix'’ an air oven at a temperataro of 100-125 c o 
a duration of 3-4 hours. 

3,2,2 combi ned Reduction an d sint ering of Green _Co n}p^ir_£S, 

Fig, 3,1 shoi^s a view of typical suuerconce itrate 

green compact which was reduced and siinultaneously smeered 
as well. A specially designed furnaace as shown in Fig. 3.2 
was used for this purpose. It conoisted of a vertical 


nimonic tube of inrernal diameter 


of 1 OC m.p, wibh both ends 




gig « 3 , 1 . A View of Superconcentrate Green Compact. 



Upper lid 


Siliconcarbide 
heating rod 


Lower lid 



nconcl tube 


Hot face 
insulating brick 


Hot zone 


SCALE 1 16 (in mm) 


Fig. 3.2 A cross sectional view of the reduction 
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open, Tnis tyoe or furr ice facxlitati-c easv loacinij and 
u-iiloadJ-Hg of chc charge rmteri-al. Tii- cnhe 'as axeernally 
he" Led srliGon carfcicie hcar-i-ng roris. Tne fax-naco hrid a 

Gonstcrt hot ^'One of about 120 a.m sicuat-i' at rhe centre. 

The la/er ead of the teibe was closed \/ith a lid anrd 
saw dust charcoal was ciiarged upto ''uiddic and ■"■as rarnmed. 

Green o^-ide sup.^rconcentra to compact was placed on it, and 
more saw dust charcoal was charged upto -the up^^er end ol tlie 
tube then the upper end was also closed with a lid. 

The charged tube was heated to llBO'^c, The temperatore 
vj-as attained in about 45 minutes. The charge was hept at 
this temperature for 3 nours and than the farnace vras sv' itched 
off. It took about 8~10 hours for ti a charge to cool dwjn 
to room temperature- suoseruently tte lo 'er lid was removed 
^xnd die enrire charge was v^ichdr-uvn from •’ihe tLioe, The sponae 
iron block was removed from chs charcoal > rich '?as reused for 
the next charge, 

3,2,3 Hot polling of S p onge Iron Bloc k 

The sponge iron block cl tamed after complete reduc- 
tion of mrqnetite superconcenbrale compacts contai’^ed about 
7 0% - 80% poro&ibv/ which correspond to density range of 
1.7-2, 5 g/cc. In order to obtain a fuj ly dense strip it twos 
necessary to density -the block by ho+- rolling. The preheating 
and hot rolling of such a material must be done iii a protec- 
tive atmosphere to avoid oxidat-oon caused lay interconnected 
pores. The preheating of the soongo iron block was done 
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111 hydrogen atmos^iere, Cn 3 end of une ^irei'e-tjiuj char’tlner 
ras clogrd while the other (^nd h d jn ^tj-. icd zone ac- 

tion outside the furnace. 

The preheating caai.iber, which was ^ nioonic rube 
of 100 mm internal diameter, co''tainoc a flat plate as a base 
for the sponge iron oloch. The reheating eot ’one at 1L50°C 
lor about 20 minutes. The hot rollma //as werf oi.-niGd on -■ 

t/-;o-high mill ha\;-ing 135 mm diameter roll, ^nd otiting at a 
speed o£ 72 r.p.m, oonereJ vicv/ of the preheating and hot 
rolling arrong menL his been show i in l''ig. 3,3. It ceii Joe 
nec-n that the expended exit zone af the prehe ting chamber 
kept the ■='ponge iron clock under protective atmosphere upto 
the nip of roll-:. The standard proc. cure usee for hot 
rolla ig \7as as follov/s 

(1 ) /i snail hole v/es crillMi ne-'r one e< pv: of che ^pongF iron 
block and li roe mchrome /ire of 23 jaosc^ was tieu to it, 

(2) The sponge iron block was ousheh into tlu lOt zone C5f the 
r che d cing chamber . 

(3 ) The preheating furnace was placed in front rt th- roJ ling 

iniJl, so that the ex-cenTed eocit was verb'' close to the rolls. 

(4) The roll g-ap was adjusted to the requjrcd level and chn 
rolling mill v-/as si.'itcnea on. 

(5) Tlie heated sponge iron block was not/ pulled in Leh/een 
the rotating rolls with the help of Lhe attached wire. 



SPECIMEN TO BE ROLLED 
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Fig 3 3 Hot rolling arrangement 
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(C) The hot roJ led strip coning out of uhc null V'-'s quic} ly 
rdec^d in n cu.ircoi] bed to pievciit o-^id ti~>n. 

tbou c SO^j thiG ness dcf oria ition r 'z- needed in oi'cleir 
to produce fully der^e stri^Th- hoc roj liny ol sponge iron 
block into fully dcnuc^ jtrip could not d ne m a single 
pass ns the rolling mill could not grip the '"cod, donee ful] 
dmsif ication by not rolling urs nemoved tu dvo passes. X'he 
thacnoss ol the hot rolled strin after the fir^t pr’S's 
abouc 3 mm :uid after the second pass ic ^as aoout 1 rnni. It 
v7as subsequently hot rolled to aoout 0,6 mm roichnesc after 
trimming the edges. The hot rolled strip r's subsequently 
annealed at 7 00°C for 3 0 minutes in a hydrogex*' ntmosph-^re. 

This also reduci- d the scales formed on tlie surf-ice. 

3.2,4 cold Rolling of the Hot P olled ; n_d 

Annealed D ^ re ct Strip 

Tne cold rolling of the hoc rolled strips a is done 
on the s mo rolling mx]l/ hue using differ ^-nt lolls. tjachinc- 
Oil as used as a lunric int for cold rolling. The iireccion 
of cold rolling was pare 11-1 to that o. tns hot rolling in all 
the cases. The percentage thicJvJiess reduction given by cold 
rolling uas S:0^50/60/70 and 00';' . ■’ub ■’c rxontiy the scripjs 
were — nnoaled for 90 minutes m a nyclrogon acmosnhere. 

3*2.5 Mocha meal Testing 

Load versus elongation curves were drawn cn Instron 
Universal Testing Me chine at a crosshead specri of 0.5 mm/min. 
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from wl-'icl-" U.T.^. an,dY.3. v^ere dc cerrpi lo"! = The percentage 

elongation w^s determined by meosuring the seperacion between 

fe/o marts/ put on the specimen, befor^' and after the mechani- 

cal testing. J1 the irach0n-jc^il testing \jas done at room 

temperature. Because of the sh''u''tage of strip m-tprial, the 

Pig. 3, 4 

sine of the specimen used for I'lechanic''! tasting, as shovjn ip/ 
\;as not according to ti^e BS 18 specification for steel smips 

ord sheets. However the geornetr'/ of the specimen Wis mainta- 
ined according to the above spociiication. Pour cpecimens were 

tested in each case, 

i 

”^•2.6 Carbon Anal y s-Ls 

Foi" carbon analysis, tne samples were tahen j.rom 
three (different areas, namely, corner, edge and Ceni_re (r' ig. 
3,5) of che blocks reduc'^d it 1150*^0 for tnr^e axfierent 
periods of time - 1.5 hoars, 3 hoars and 6 ..ours. For each 
set three sanples Jere taken aid ^ere sent to free difierent 
outside agencies to ensuj c the correctness of the result. 

These lac-ncies have determined th'=' carbon cont^^t of the 
samples by Loco C'irbon determine cion meunod . 

Care has to be ta ..en in taking the samples 
from the block. ?.s tne gradient of carbon concentr ition js 
very sharp at the corner ar.d edges a very uhin sample shouJd 
be taken from these areas to get the correct carbon c mrent 
in these areas, and, at the same time, the thickness of che 
cut samples sent to three agencies should be same ochervtse 
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Fig 3 5 The corner , edge and centre areas of 
the block 






33 


there re to oc van tiuns in the carbor consent 

reported oy difleroet agencies ter the serr'C set. The 
centre area docs not pose great j^roolcrn in sample col3~ 
ection tl ■' carbon gradient --s nor so sharp in this 
roqa on. 



Cri/iPTER 4 
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l:^-''^GNET1^_SUPErcGJCEETP_q IP A PACKED 

bed of s 7'V dust CH~_PC0ED 

1 2 

Vp than'^yngam , in his stud/^ found conventional 
charcoal and devolatalized brown coal to be suitable to be u&ad 
as reductants for Magnetite superconcentr "'te block from the 
viewpoints of absence of sticJang of coal mass to the tube \/all, 
easy availability , good reduction behaviour, ere.. Ho^vever, there 
\;as one problem encountered with these reductants. The fine size 
fraction of these reductants left behind a few clinkers on the 
surface of the reduced block, while using coarse size coal, say 
> lOrnm, there vras a problem of reoxidation of reduced block. 
Mainly, to solve this problem and to obtain a smooth surface 
finish of reduced block, the saw dust charcoal i/as tried as a 
reductant, 

Bew Dus t Ch a rcoal and S urface Finisl of t ae Reduced Block - 
Saw dust ctarcoal w" c fine, equi - sized and rice gram 
shaped in physical appearence. 1 scanr-nng electron micro- 
scope x^hotograph of savj dust charcoal p-'rticles has been 
shown in the Pig.4iJ[’he Sieve analysis of s i.w dust charcoal 
IS also given in Table 4,1. With thi«: size of coal, there 
was no question of reoxidation of the reduced block, sax^r dust 
charcoal provided an uniform hydrostatic pressure to give 
an uniform shape to the reduced block. it did not stick to 
the surface of the reduced block and the pcoblem of formation 
of k linkers on the surface of the reduced block x;as a/oided. 
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Fig. 4.1: 


A Vie\v o£ Saw Dust Charcoal 


Pactj-Clss ClOOX) 



Tible 4,1 Sieve of t 'Just Charcoal 

o.Wo, Slave Size '4t, 

Mesh ( mm) 

1 I 6 ( + 3.327) 0 

2 - 6 4 20 ( ~ 3.327 I O.G33) 3.4 

3 - 20 28 ( ~ 0.833 ! 0.589) 9.5 

4 - 28 -I 35 ( - 0.589 I 0.417) 15.4 

5 - 35 + 4C ( -0.417 + 0.295) 30.3 

6 - 48 -I 65 ( -0,295 + 0,208) 16.8 

7 - 65 + 100 ( -0.208 + 0.149) 8.7 

- J 00 ( - 0.149) 14,4 
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Ino surface finish the rc^lucet blech / ''jiite good, A view 
of tne reduced sponge iron bloch hr<^ been shov/n in "T'lg. 4,2 

2 of jaw Dust Ch arcoal - 

Fig, 4,3 sho^ s -chc percent ”iignt loss in the iron 
c'‘''ide Sup^rconcentr ato block as a f motion of time at a redu- 
ction 'cempera tare of IISO^C, using sau dust cnarcoal as u 
rcductant. The above figure aJso shove’s th'' weight loss beha- 
viour at the came temperature using devolatalised bro^/n coal 
and conventional charcoal as reductants. It can be seen that 
saw dust charcoal is slightly inferior to conventional char- 
coal and devolotalised brov/n coal 3n redaciDility, Nevertheless/ 
the entire block wos almost completelv reduced in one and half 
hour. To ensure that the Is^st traces of iron oxide have been 
co’aplctely reduced, the blocks reduced for 3 hours have been 
used for the subsequent study, 

4,3 Discu s Sion 

3av7 dust chcaico-1 nas all the propertios to be used 
“■s a leductant for m-'onetite s ly ere one en mate block. it is 
cheap ani readily av ij-laole, doas not stici to the ^-"11/ and 
does no:; deteriorate the shape and surface finisn of the 
reduced block. 

The reducibility of sow dij.st charcoal is not as good 
as that of the devol iti ilized brown coal or conventional 
charcoal but it is good enough not to ere ite any problem 
regarding the total ti ’■e taken for reduction. 
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Via. 4,2 t A 


Vxevo o£ Peciuced Sponge 


Xron Block 
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Reduction x10 i see 

Fig 4.3 Reduction time Vs % weight loss 
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The rcducioiJ n,y of • coal 0 _ „ ids cr clis occi/ity 
Ox. cciL.bon in bhe coil particis'^., /-bir ^ \n m , depends on 
tT"'e ch irncal composition, snetn , sisi/ siri-'ce proox-rtioo and 
tne porosicy level orcsonl. in tne co^l particles, i* study can 
ja tjken as to loct into whv tne reduc-^biTity of sa ^7 dust 
clisrcoal is loss than the rr^duc ibilit^ of con vcnticnai chai''- 
GOal V7hich is loss than the reducibili-cy of devolatali ’ed 
oro^^n coil. Coconut charcoal can also be L'^ led os a reductant 
as It is expected to have other properties same as sav 7 dust 
charcoal but it has been reported to hove hiq-her reducib^ Iity 
for the reduction of iron oxides, bv some rorkers^^. 



CHAPT..R 5 
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o PBUPizi T iOF OF 3UP': ] RCOi'iCrr ^^"^T-^bluck xt > PiickEP. 

SATJ duct CHPRCC L £ J3 Tj LPCIR-OPIB X?2iL9il IiIF 3LOCr_pUKI - 
EG PREHE GlZ’G Ib iTiL ROofl'i T^ OG~I~^R_ P HOR TO xiCT ROLLIrTC 

M"igneti T-e GU’nerconc'"ntrat6 gvcei compacts were kept inside 
a ruffle furn'icc r'ack'---''’' I'^itl siw dust dharcoil at 1150 c for 3 
hours to ensure the conplete red’ ct’cn oE jron oxide. But the 
condic 3 oris are similar to picked bed cor oumatiou and siirultan- 
eous carburisation oE the block vhich n beina reduced is r.ilso 
expected to take place. Therefore the carbon analysis of reduced 
sponge iron block as well as the hot rolled s trios was carried 

out. 

The variation of carbon content cat corner , edge and centre 

o 

of the sponge iron block for a fixed reducticn time ,at IJ 50 C ^is 
Shawn in Pig. 5.] (a), 5.1(b) and 5.3 (c). The variation of carbon 
content at a fixed location on cpo’ ge iroi block as a function 
of reduction time at il5n°c is shovn inP^g. 5.2 pa), 5.2(b), 
5.2(c) for corner, odjo uiid centre aroa respcctivoly. The corner, 
edge and centre ot the bloc- have been shown in F ig. 5.3. 

These datas h'-vc also been ho^ n ir Table 5.1 which also contains 
the Ccirbon content of the hot rolled s^ciip at uhe edg^ and centre 

areas . 

It IS clear from the high carbon levels sherwn in Table 
5,1 that simultaneous carbur is '’ti or is taking place during the 

reduction of the magnetite superconcentmte block. But carbon 
level is reduced to a very low level in the hot rolled strip 
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Fig 5 1(a) Carbon content at the corner, edge and 

centre areas of the block reduced at 1150®C 
for 1 5 hours 



Corner 


Centre 


Edge 

Location at the block 

Fig 5 Kb) Carbon content at the corner, edge & centre 
areas of the block reduced at 1150°C for 
3 hours 




Carbon , ®/o 



Location at the block 

Fig 5 1(c) Carbon content at the corner, edge ^ centre 
areas of the block reduced at 1150®C for 
6 hours 



TEMP. =1150®C 


I J 1 I 1 1 

15 30 45 6 

Time , hours 

Fig 5 2(a) Variation of carbon content at the corner area 
of the block as a function of reduction time 







Carbon, ®/o 



Fig 5 2(c) Variation of cc 
area of the bloc 
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F»g 5 3 Carbon diffusion in the magnetite super- 
concentrate block at the corner, edge 
and centre areas (arrows show the dire- 
ction of carbon diffusion) 


Tabic 5,1 . carora -dialysis of sponge Iron 
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\/hich pv^ang thac the process of dacai'iuri^^ation is ai '='0 taking 
pl^Go at a otage in between th= rchuc sponge iron block and 
hot rolled strips, i.e., during tln^ ^reheating in hydrogen atmos- 
phere prior to hot rolling. 

DJ sGussron 

5 , 1 ,1 Car bur i z ation 

Althoagh there are tew variations in the C^rbu<n 
analysis done by the different agencies ( Tier. 5,1 (a), 5,1 (b) 

& 5,1 (c))/ It 10 apparent thit,by and larac,the carbon co^^t- 
ent 13 maximum at the corner aroo/ minimum at the centre 
area, ard in betreen the two at the edge area of the block. 

The variations in the carbon ^nalvsio may bt due to difficul 
ties in taking the samples from the block lor cacbon analysis, 
as explained in section 3, 2. 6, or duo c-'perimental errors 
in carbon analysis. This is auite oectad as at corners, 
the c irbon dilfuses froui four side , at ectoes, it diffuses 
from throe side, and at Uic catitr-, "'-om b/o sidis only, as 
shown in Pig. 5.3. 

Pig. 5.2 (a), 5.2 (b) rd 5.2(c) sha^^ that the carbon 
content, at a fixed location at a fi^ced temporaturc, increas- 
es with Uie time of reduction. This can ^Iso be explained on 
the basis oi diffusion of carbon. If the time for diffusion 
of carbon is more, tne carbon content inside the olock x/ill 


also be more 
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The mec^ianism of ci.rcuri'zT. of stacl rnay be 

uucleX" stood, on the basis of ta’O f u.''* t "' l concepts 

^ Source supplyi-^g the c,.rbor- o'^d bne transfer of carbon 

to the steel surface/ and 

(2) a diffusion, which is corcerned ith tne movement of 

carbon in ^teel itself, and is infruenced hy bi'e prop- 
erties of the steel. 

To understand the various reactions involved in tne 
process of carburization, it will be more convenient to deal 
1 eduction and carburization simultaneously carburization, in 
the present case, is preceded by the reduction of iron o,cides. 

The first step in the reduction of na netite lo the 
fcornmtion of cO ^vhich is formed in two steps, it lo rer temper- 
ntures, first CO 2 forntc-d 

C(^) + 02 (g) — CO 2 (g) (1) 

Th3 s CO, then reacts with carbon at hiah temperatures 
to forms COj 

C , 1 + C0„ (g) 2C0 (g) ('^ ) 

The oxygen foa” the above reaction coraes from the air enercupped 
in the pores of packed bed of seuw duct charcoal cs well as the 
magnetite superconcentrate block. 

CO is also generated ah the point contacts beb^ecn 
the iron oxides and carbon, i.e., 

.9205a I 

^ ^ i 
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Pe 30 ^(s) + G(s) 3 FeC(c) + CC (g) — — (3) 

FeO(s) h C(o) re(s) + CC g) (4) 

Tne CO fornind front Ihece rcactiono then reacts with 
the iron oxides to form CO 2 


Fe 20 ^ (s) 

' CO 

(g) 

3 PeO (s) -1 CO 2 (gh 

(5) 

PeO (0 ) 

• CO 

(g) 

rc(o) + CO, (g) 

(S) 


The CO 2 then reacts with the exct-ss carbon to regener'- 
ato CO 

C(s) + C02(g) 2 CO(g) (7) 

and. the cycle is repeated. 

Once the reduction of a layer is complete/ lu starts 
getting carburized. First the nascent carbon is formed at 
the surface 

2C0(g) r02 fg) + C -- (8) 

then it IS this nascent car own th^r diEcusc:, inside the 
block. rC 2 rc-^cts -uth fto excess carben ts legenerate CO 

CO 2 (q) + C(-=’'l 2 CO(g) (9) 

and the cycle is repeated. 

The fundamental law governing the diffusion of carbon 
in steeJ is the Pick's law of diffusion 

_-a2„ =^-3£- 

dt dx 

where may be taken as the time rate of flow of the 

dt 

solute carbon through the area s. D is diffusion constant 
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and “ — - IS the rate at ^/hicn nhe conbon cnncr-ntnation C 
dx 

varies vitb the deptt x. Tie flo-/ of carbon in steel 

12 / in part/ analogous to the flcr/ of heat in solids, ind 
to some extent expres-ion Ce^^eloped for toe conduction of 
heat are applicable, 

Poster^"^"/ after carburising compacts made fi n c=’rbonyl 
iron powder of 8 /'hr-' avar go parniclc size ccncludsd that 
a density of at least 6.85 g/cc is neceosar’/ to rive a wcl"' 
detined case, i.e. to cat the diffusion path of carrop, Tne 
hoy recfiirerae>''i ^ as stated to oc^ a fully ri_crpsta llizod struc' 
tUa.v„ containing isolated uorcs ava^’ f n i grain ooundo’^ies. 

The porous sponge iron block, havirc T rn the range 

of 1.7-2. 5 g/cc and porosity ‘’-val r^ 70 30^'', has interconn- 
ected pores. Hence urc c>. ''tact -Tea &, m tne prcsroit case, 
will be much more conpared no a steel block cf same sue, 
rcnid carbon will diffuse to a greater depth, _ro rnechanisms 
involved in carjocn diffusion threuah a Porous iroxi rnaos iro, 
however, are not yet fully understood, but tne presence of 
interconnected porosiby, allcn^ring gas to permeate, is obviously 
the major reason fax deep penetration of carbon during -che 
carburization process. 

5.1.2 D eccirburiz a tion 

When a carbon stool is heated ^n pure nydrogen ic has 
been suggested^ direct reaction may take placo between 
tile gas and the carbon in the steel . 

yc_7j,e ^ 2H2 (g) CH,_ Cg) - 


( 10 ) 
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The above mechanism seems tu be mo&b unliJcely an viev/ 

o£ unstability of CH^ at high tenipcrature. Qne experimental 

ojjscrv^tionc il-o shov that the rats o£ dcccirburization jf 

'■J'^eetn in pure h/rlrogen js vor/ loao. uoh'msoon and Von 
1 7 

Seth , after heating plain carbon steeJ at 11 5 0*^0 for is hours 

found that carbon eontent came dov/r to 0.22t from a level of 

0,72/ and to 0,J8% from a level of 1,13^/ , Thi^ ri ccarourization 

of poioxis sponge aron bloch m pure hydrogen atrnc^phexa will 

be some— what faster due to larger ccitact arc- * beti/een i^ho 

gas and the block ow3ng to the prc-^enci jf int,_rconnectGd 

pores but at eax^ not exj-dain such a fase dccirourization rate 

ehat reduces the carbon level from about I.?" to around 0,05% 

in 20 minutes ot tcmperatui'c ef 1150°C. S'" sons "'ttier 

\ 

moohanlsm has to be found. 

hater vaoour increases conoiderebly tlio c^Corbi^i a sing 

1 

pa^er of otlierpase pure li/drogen. Tuscan'' has suppiiea data 
on the decarburisation at 800^C of a steel contaxniig 1.07°' 
carbon and 1.42%, Chromium ( Pig, 5.4), liis r salts xiadicute 
that whereas pure hydroaen has a ^eal, nut limited ^ fecarbuir- 
izing action, the presence of ’’a ter vopour, ^ t le^ in conoe 
ntreitions above 10 itu lli grams per cubic fe -t ( 0,37 ppm), 

gives rise to very pronounced decarburisation, Tbe nature of 

the reactions involved i^ not fully ander^toed, but it is 

19 

probable that tne process is a bju st oae / jn (he farsL 
of Axhich the water vapour is dissoeiaeed/ seetiag freo Utiscv^nt 



Carbon content , % 


5S 



Distance below surface of 1 in round bar, Inches 


Fig 5 4 Decarbunsation of 1 07 Vc Carbon, 142% chromium 
steel in dry and moist hydrogen Cj treated 55 hours 
at rSO'C ; C,, C 3 , C 4 .C 5 , Cg , C,o treated 55 hours at 
800“C ’* 
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li/dro(jcn ond oxygen \;\a.cn thci" Li''e cai'bon xn sclu— 

ti' a in tn(= cteel , 

H^O ii^ ^ 0 (13 ) 

^ ^ - ^^4 ^ 12 ) 

0 CO — (13) 

Reaction (12) and reaction (13) operate in > parall--l 
cornbinaLion and the rate of reaction will be determined by 
the faster step. The reaction (l3; is more likely to tabe 
place in vxe / of hiah stability of CO at hijh temperature. 
licncG a combination of reaction (13 ) lc reaction (13) is, 
Perh_ips/ the main mecnanism, responsible fer decarburization 
of the sponge iron block prior to hot rolling. The composition 
of lOLAR 3 Grade hydrogen, used ~n the present study, as shewn 
in Table 3.2, does, indr'ed, reflect that ehc traces of not 

only water vapour Jut also of oxygen end carbon dioxide are 
present in sufficient amouat to cause vigorous decarburization 
of the sponge iron block. 



CH ^PTL? 6 
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PZ^IJ ^IZATIOH OF C OI D ROLLING DEFQR i j^ TION 

In producing cold-rolled sPcct fron Icnz-carbon steel, 

particular ottcntion is given to the oelectic-i of the opninum 

degree of aeformation in cold rolling. For riiff ^renr tynes of 

steel different amounts of cold rolxmg h^ve been found optimum* 

At many p] ints, the overall reduction uuring co]d rolling u&ually 

2 0 

amounts to 50-7 0% , ic was tul+' ncGessaiy co opuinuso the 

amount of cold rolling for tlie Tircct steel stri_ ijroducod by 
th3 £ new route also. 

Tatde 6,1 Sc ^,2 sha/ the iit-chaijcal properties 

of hot rollef '’nd cold rolled "ol iiincaled direct strips respe- 
ctively. Fig, 0,1 , 6,2 fc 6,3 shovr the ■^rcriacion of ultimate 
tensile strength, yield strengtt' and porcrutige clong:tion 
respectively W3 th the percentage r.. luction i j thichne&s during 
cold rolling. From these, carv’^es, it is clem t''ut the r r_ngo 
of 50 to 60"'^ reduction in thicknes' duriu , cold rolli gives 
the bent inechonicnl properties, 

^ ^ Si- ° gits Sion 

h churac teres tic xoa-ture of tic diri.,c c s-cecl strip 

produced from ringnctite superconcentr luo >loc''' is the prt&eice 

of inclusions . Magnetite suporconc^ntr ite contains uncut 

2 vol,/, of impuritiCuj which mainly consisf3 or mides of Colciun, 

21 

Magnesium, yluminium and Silicon . '"hes^ imparities i crnain 
inside the finished strip in che for^i of fine inclusions distr- 
ibuted uniformly throughout tl'^e matrix. It is. Perhaps, mainly 
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Taulo 6.1 • JPr_o-D<^r bies of Hot Roll d 

--1 id nn cQl-^d Direct Ctrii^^s 


U. 1’'* S , f. 6 . - loug_L tlOi , 

— 2 ^ 

(^^Nn ) (ii.7>“'') (lL- 


240 + 0.4,„ 


168 r V' 34+0' 


Tnoie 6.2 , Mechanic o 3 Pr operties _of _Co Id ' yll cl gn l 
annealed pzrect str its 


E. -ITO. 

cold roll~ 
ang/4 

b. 

(MM 

.T.S. 

“2, 
m ) 

%.S,/0.2, 

Proof Stress 

-2 

( IMN jn ) 

elongation 

% 

1. 

10 

224 

+ 

0.521 

48 

r 

4'v 

30 + 0/ 

2. 

50 

240 


0.4% 

70 

1 

1 . 5% 

37 + 0% 

3. 

CO 

250 

+ 

0.4/ 

98 

+ 

4% 

38 + 5/ 

4. 

7 0 

231 

+- 

0,5/ 

63 


4 . 5/ 

30 + 0% 

5. 

GO 

228 

+ 

1.0% 

58 

+ 

5 / 

30 + 0% 


Note. The llmxts with ± shor- the moxiiaxm and rriniimum 
dcvi.-.tion from the mean value 









Percent Elongation 
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these xnclnsions whicn "re responsible foi the variation in 
mechanic-! 1 properties duj ing coin rollinf,. 

As degif of Ijforraotion increases / nucloc-tion rate of 
the recr/s ts llizod raaclle con s id ir ably eccecds the gru^th 
rate during anneaLing resu] Ling in a decrease in >n size, 
iicnee/ as uhf- amount of cold rclling increases/ nechanical 
propertLGS of tJic cold roJ3ed and annealel strip improve due 
to reduction in grain size. Simultoneously / a creases ^re gen- 
oriten at matrix- inclusion interfere during cold rolling and 
holes or micro cr<achs may be formed around haid inclusion 
ohich are ertoedded in relatively soft steel matrix. Mechanism 
of hole formation and grOv/th uizder tensile stress is well 
understood, Gurland snd r'latean / in equating the elastic 
enorgy stoied m flic prrtjcle to the worh of producing a 
particle size craclC/ h-v* calcul-itod that the applied stress 
required ( <r) is given by 

a-~ d I 

\ 7 here o is ■. stress -concentration factor, r ^s I'oung's modulus, 
y is the fine cure surf-ce energy, and d is the particle aiam~ 
eter, Tho value of q depends boch on the relative rigidity 
of die particle and matrix a. id on the shape of the oarticie. 
so such crachs may lorrr around the inclusion during cold roll- 
ing also if the rec]uired stress level is reached. The lormation 
of those cracks will couse deteriox-ation in mechanical propert- 


ies. 
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'j'ji tillograjL-^hi i_>c-'min_t^cr. •’acro-cracks at 

thi, matTTj',- me Lu oioii iii'-.rlac, j.rvoJv : polislorg. But 

riunng pcjlishiag om ipcJuli ) as nay tall and raerz- 

cracks may also api'^ar at the int-rfaci- cE son'^ inclusions 
v^-ith inatri.- due to dtcohcsion. The pr^limnaiy?- trials of 
scanning eloctron microscope G’-amnation of the cold ro11'-_rl 
spocaiams Hid not uivc a clear indication /hethm the racro- 
cracks were actually formed during the ct^ld rollin' or not. 
Much more detailed work on a large mimbjr of sy--‘-3'icns is 
needed to oscf rtairi this Fact. 

Mechaiicsl properties i.apiove v^;lth cold rolling luo to 
grain rrfinomonu hut after a certain amoant of cold roilmg, 
peihips/ the mjc^ociacks fornotion t-1 es plac^ C'r ipl Inc 
mclusions r^auiting ir a declaou in 'nec>a^mal a- -ccrti s 
of the cold rolled ond innaji-'’ sen . 



r’HAPj?ii;R 7 
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COrCLUS IONS 


It n pot.&i''']r L. rroducG ciood qvolit"/, tully Jen'SJfxGS 

steel stejp by '.J3ri-et strip Process fnm rra.jnetite 

sup>„rGonocntratc bloc! usinq cacia \rabica as a biiirlGr 

aad sp’7 dusc charcoal as a rcducirg agents 

The pr ^sert invc'stig^ta on sha/^s thrt it is aossible to 

fulJy reduce the magnetite suporconcentr^tf blocX of 

ssj-e 71 X 48 3 c 6 mru in a paciced bod of sa ^ dusr 

o 

charcoal in one ind half hour at 1150 C, 
oaw dust chaa'coa] ha^ ] -en found to oe sm t blL. for 
reducing Lae magacritc anperccncentra tc block it 
gives a oood surr^ico finish t") cho r. 'ucc'i 03 003^ and 
an extra jtop of c’J ranine tb. -nrl ico ->f lu^ucod bloclc 
prior to hot xjlliun is avci'’^''. 

oimultaneous car jcrisa ^i n ta3'- s _-‘’ac;i during the proces 
oi reduction or iiagneti.ee su ''eicr neon t-" oe Jjlcck izx 
pacJrc d L- 'd of sa^'f jnst cn iicoal. 

Cirboji contexic oc ihc spon< i-oc bljc3c is .aa^omum at 
the cornoi and numin'i rt th., centre, <t 115 0 c, for 3 
hours of '■'eduction time, tlie average car non contort is 
1.13'/', at I ho corner and 0,75'r 't the centre. 

Carbon content oC the block incx cases ';7ith increase in 
tMne for which -he blocK in kept inside the saw dust 
charcoal bed for reduction. 

Decarburizatxon of tlie sponge iron block tekes place 
during preheating in hydrogen atmosphere prior to hot 
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rolling/ reducing carbon to _ v Icr Iccel ard 
dxstrib'ut':,d unilormli alOiig tre /idtt ui tie hot 
roDled strip. The average carboi cont-ent o'" the 
hcb rolled strip is 0 , 0 /% at bhe edges and 0,05% 
at the Centre, 

8, The host mechanical properties are obtajned for 

the finished cold rolled and anneal id d urecr s t"’”ir 
\;hich have been gsven 50--6O>^ reduction in thicJcne'^ 
during cold rolling, "nhe surip/ given a 60, i reduc- 
tn on in thickness prior to annealing/ has J,T,C. 

-2 - 

Of about 2 50 Mm / Y.S. of abour 98 Mn and 

about 38% a 1 on get t ion. 
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SUGGESTIONS FOR FURTl- .T P lliVLSTIG.-^'r-IOH 

1, Coconut chircoal rray be lx Lee? as a rcdactant for ti-ie 
block variant of direct strip process, 

2, A detailed study nay be done to understand tec carb- 
urjzation mecnanisin of the porous sinHscred iron mass, 

3, A careful scanning electron "lucroscope examination 
may be done on a large number of cold rolled and 
annealed direct strip specimens to ascertain whether 
microcracks are formed around inclusions during co]d 
rolling. Another, indirect method may also be tried 
for such study. The cold rolled strips, which have 
been given various amount of cold rolling, may be 
annealed at a relatively nigh tempera cure, say ll50*^c, 
winch would simultaneously briiig j,bout some sintering 
leading to removal of microcracks generated during 
the roll3iig, a compari&ion may then be made with 
mechanical properties of cold rolled direct strips 
annealed at lov7er temperature, say 7 00°G/ as found 

in the present study. This conparis^on will give 
an indication v/hether the microcracks are formed 
around inclusions for higher amount of cold rolling 


or not, 
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a.rPEMDI/'' 1 

THEOrUTICAL DENSITY OF MAGDET’ITE SUPERCONCDITTRATE 
AND PIDUCED SPONG E IRON 



— r- 

»- -f. 
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( 5^ ) j 

1 1 

(W^ % ) 

g/cc 

1 

I 

1 
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CaO 

0.06 

0.083 

3.25 



MgO 

0.175 

0.242 

3.58 



AI 2 O 3 

0.175 

0.242 

1.76 



S 1 O 2 

0.075 

0.104 

2.64 

5.3265 

g/cc 

7.8257 

g/cc 

Fe 

71.750 

09.330 

7.86 



7 2_. ++ 

PeO = — Fe 30.600 

mm 

5.70 
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APPENDIX 2 


THEORETICAL % VJEIGIIT LOSS FOR COMPLETE PEDUCTIOH CF 
THE IRON ORE SUP ERCONCEL' TRATL C GMP^CT 

Weight percent of Pe = 71.7 - 71,8 ( from chenical analysis) 

-I- + 

V^eight percent of Pe =23,8 ( ' ) 

Assuming the magnetite spmel to contain Pe and Pe lons/ 

+++ 

the weight percent of Pe = 47,95 % 

During reduction only oxygen from magnetite is 
removed and the refractory oxides lihe CaO/ S 1 O 2 / ■'’'-12*^3 
MgO remain unreduced, 

% O 2 associated with Pe = =6,82% 

^ ^2 associated with Pe '^■^7.95 = 2 0,624 % 

Total °<> O 2 to be removed for complete reduction = 27.45 % 
Amount of binder solution ased wS^ir“ = 2 0, 

% Binder w.r.t, the ore =1, 

Let the weight of the ore be 'X* gms, then tlic amount of 
solid binder present in tiie compact =“^0 — 

1 .335 X 

Residue from tlie binder = — gms 

,*• Weight of the fully reduced sponge iron block" Weight of 
iron ore superconcontrate ( x gms)~ Weight of O 2 associated 

with iron ions ( 0,2745 x gms) + weight of residue from binder 

-4 
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, Theoretical \ 7 e 1 ght loss percent for complete reduction 
of the iron ore superconcentrate compact = 27.44 %. 

This value vJill be altered by the amount of clinkers 
sticking to the surfaces of the sponge iron block and "the 
amount of carbon introduced into the sponge iron block 
during reduction. 
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